INTRODUCTION {#sec1-1}
============

Ischemic stroke is defined as focal neurological deficit in the territory of specific cerebral arteries. Stroke is rare in children though it is one of the most important causes of significant and long-term disability.\[[@ref1][@ref2]\]

Etiology of stroke in pediatric age is quite different from that in adult age.

Various conditions in children may predispose them to stroke. In most children with stroke, more than one risk factor could be found.\[[@ref3]\]

The most common presentation of stroke in children is focal neurologic deficit such as hemiplegia, hemiparesis, facial palsy, seizure, and loss of consciousness.\[[@ref2][@ref3]\] Stroke can leave the affected patient with significant motor and mental disability.\[[@ref4][@ref5][@ref6]\] Studies on pediatric stroke had increased during recent years, but clinical study of pediatric stroke outcome is rare with contradictory results. Full recovery has been observed in 25--30% of pediatric patients with stroke, but unfortunately despite expected neuronal plasticity, 70--80% of patients suffer from long-term disabilities which persist in adulthood.\[[@ref5][@ref7][@ref8]\]

Results of a cross-sectional retrospectively recruited study of stroke outcome showed that children with arterial ischemic stroke display significantly poorer cognitive functioning as worse performance on verbal and nonverbal intellectual function on many cognitive measurements in comparison to normal children.\[[@ref9]\]

Seizures are common in acute phase of childhood stroke. Childhood stroke may present with seizures. In any child with acute focal deficit and seizure, stroke should be considered as a differential diagnosis. Rate of seizure in the early period after stroke is significantly higher than adults and has been reported to be 25--58% in different studies. Secondary epilepsy after childhood stroke has been reported to be 20--25%. Early seizure was the main predictor of secondary epilepsy.\[[@ref2][@ref10][@ref11][@ref12]\]

Recurrence of stroke occurred in 20% of the patients with childhood stroke. Patients with underlying disease particularly arteriopathy, congenital heart disease, and hereditary hypercoagulable state are at increased risk of recurrence, which is the most important risk factor for severe neurological disability.\[[@ref13][@ref14]\]

Recently various studies have been performed on subject of pediatric ischemic stroke, while investigation of stroke outcome in children is rare. The aim of our study was to assess long-term neurological outcomes in patients with stroke.

MATERIALS AND METHODS {#sec1-2}
=====================

In this retrospective study, we assessed long-term neurological outcome of patients with stroke who have been admitted in pediatric neurology subspecialty service in Tehran Mofid children's hospital and Isfahan Imam Hossein children's hospital from 2005 to 2013.

Inclusion criteria were definitive diagnosis of arterial ischemic stroke and availability of data.

The patients with neurometabolic or neurodegenerative disorder, neuromuscular disorder, past history of the central nervous system damage due to other etiologies were excluded from the study.

Patients {#sec2-1}
--------

Sixty-nine patients with arterial ischemic stroke were identified. Forty-one cases were from Mofid children's hospital in Tehran, and the rest were from Imam Hossein children's hospital in Isfahan. Data of 14 patients were not available or were lost to follow-up. Two patients had died. A total of 53 patients with definite diagnosis of stroke were included in this study. Out of these 53 patients, 34 patients were male and 19 patients were female. All data including age, sex, presenting signs and symptoms, initial neuroimaging, and neurological state on discharge were abstracted.

All data regarding physical examination and evolution of disease in serial outpatient clinical examination were recorded.

The patient's last neurological condition was evaluated by physical examination and parent\'s interview.

For evaluation of the long-term outcome following stroke, a clinical investigation (physical examination, patients, and their parents' interview), assessment of school performance, limitation in daily activities, and health-related quality of life questionnaires were used.

All data collected from physical examination and interviews were analyzed statistical Package for Social Science (SPSS) version 20, using *t* and Chi-squared tests.

RESULTS {#sec1-3}
=======

A total of 53 patients with definite diagnosis of stroke whose data were available were included. Age at first stroke was 10 months to 12 years (mean age was 5.2 years).

In 53% of the patients, at least one risk factor was recognized for stroke. Arteriopathy other than moyamoya,\[[@ref6]\] congenital heart disease,\[[@ref6]\] and hereditary hypercoagulable state\[[@ref5]\] were the most common risk factors for stroke. In 80% of the patients with stroke recurrence, a definite risk factor was identified. After a median follow-up of 4 years, 15 patients (29%) found full recovery. Thirty-eight patients (71%) had some degrees of neurological handicap. Nineteen patients (35%) got partial recovery and suffered from mild hemiparesis. Most of the patients with full recovery had presented mild motor disability. Eight of 11 patients with mild presenting symptom had full recovery comparing to 7 of 42 patients with more severe initial motor disability. Severity of initial functional disability was significantly related with poor functional outcome (*P* \< 0.05).

Eleven (20%) patients with hemiparesis needed some supports but were able to walk independently. Hemiplegia with severe disability was observed in 8 (15%) patients.

Facial paresis was observed in 3 patients (5%). Eight patients (15%) had significant cognitive impairments. Two of these patients had Down syndrome. Out of the remaining 6 patients with cognitive problems affecting school performance and daily life, 3 patients had recurrence of stroke. Recurrence of stroke occurred in 12 patients (22%). Recurrence of stroke was a major risk factor for cognitive impairment (*P* \< 0.05). Three patients (5%) had dysphasia (2 patients) or aphasia (1 patient). In 3 patients (5%), abnormal movement (chorea-dystonia) was observed. Eleven patients (20%) had secondary epilepsy and were treated with anticonvulsant. The worst functional outcome was observed in patients with recurrent stroke, moyamoya disease, and hereditary hypercoagulable state.

Five of 8 patients with severe neurological deficits had experienced stroke recurrence (*P* \< 0.05).

Nearly all the patients (10 of 11) with secondary epilepsy experienced seizure as a presenting symptom or during hospitalization (*P* \< 0.05).

The results are available in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.
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Distribution of neurological outcome after arterial ischemic stroke in children
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DISCUSSION {#sec1-4}
==========

The incidence of pediatric stroke has been reported as 1.2--13 case per 100,000 children in different studies.\[[@ref15]\] Clinical manifestations of stroke include hemiparesis, hemiplegia, facial palsy, seizure, and loss of consciousness. Long-term neurological outcome of stroke varies from lack of any presentation full recovery to severe neurological disability. Sequels of stroke, such as focal neurological deficit, cognitive impairment, speech problem, seizure, and movement disorder, may impact daily life.\[[@ref4][@ref5][@ref8][@ref9]\] Mortality of stroke is 0.2--15%. Stroke recurrence in different studies has been reported as 14--22%. Full recovery has been reported in 20--30% of the patients. Despite predictable neuronal plasticity in children, most of the children with stroke suffer from neurological sequels of stroke.\[[@ref4]\]

In a study on 33 children with stroke who had been followed for 2 years, residual neurological problems were observed in in two-thirds of children.\[[@ref16]\]

A study performed in London on functional outcomes after stroke demonstrated that more than half of the patients present no activity restriction and the rest of the patients displayed mild to moderate limitation, primarily in domains of motor, cognitive, and self-care abilities. Moreover, severity of disabilities was well associated with the extent of brain damage.\[[@ref17]\]

A large prospective study of childhood stroke outcome on 123 patients with arterial ischemic stroke in Canada indicated full recovery in 45% of the patients. Associated neurologic disorders and need to rehabilitation were predictors of poorer prognosis.\[[@ref18]\]

In a study of consequences of childhood stroke in adolescence in 26 patients in Canada, 80% of cases found complete recovery or experienced mild disabilities. In this multimodal assessment of stroke outcome, arteriopathy, need to rehabilitation services, modified ranking scale more than or equal to 1 were predictors of poorer outcome.\[[@ref5]\]

In a retrospective study in Turkey of 98 children with AIS, 66% of patients had focal deficit, 52 patients had seizure, and 18 patients died.\[[@ref15]\]

Our study demonstrated full recovery in 15 (29%) of the patients.

Most of the patients with full recovery had presented mild motor disability. In our study, 8 of 11 cases with mild presenting symptom had full recovery compared to 7 of 42 patients with more severe initial motor disability.

Focal neurological deficits are the most common long-term sequel of stroke in children. In a few studies on stroke outcome in children, 30--70% of the patients had focal deficits as hemiplegia, hemiparesis, and facial palsy.\[[@ref9][@ref10][@ref11]\]

In our study, 38 patients (71%) had some degrees of neurological handicap. Severity of initial functional disability was significantly related with poor functional outcome.

Cognitive impairment after stroke has been reported in different studies. While, in our study, cognitive function was not evaluated with exact quantitatively organized methods, based on qualitative evaluations some degree of cognitive impairment influencing the school performance was observed in 6 patients (11%).

Recurrence of stroke was a major risk factor for cognitive impairment in our study.

Mortality was 2--15% in different studies. Loss of consciousness, hematologic dysfunctions, and hemorrhagic transformation were associated with higher mortality rate.\[[@ref15][@ref19]\]

In our study, mortality was observed in 2 patients. One of them had moyamoya and had experienced four episodes of stroke.

Incidence of secondary epilepsy has been reported to be 15--20% in previous studies.\[[@ref8][@ref19][@ref20]\] In our study, 11 patients (20%) had secondary epilepsy and needed anticonvulsant therapy for seizure control. Seizure in the 1^st^ day after stroke was a major risk factor for secondary epilepsy in our patients.

In our study, stroke recurrence and severity of presenting symptoms were the most important risk factors for severe neurological handicap. Five of 8 patients with severe neurological deficits had experienced stroke recurrence.

CONCLUSION {#sec1-5}
==========

Stroke recurrence and severity of presenting symptoms are the most important risk factors in final prognosis of stroke in children. Recurrence of stroke was observed in patients with multiple risk factors for stroke. Therefore, extensive evaluation of any patient with stroke is highly recommended for discovering probable risk factor and appropriate treatment.
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